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A B S T R A C T :  T e l e s c o p i n g  H a l f  S l o t t e d  C o n t a i n e r s  ( H S C )  a n d  D i a g o n a l  
C o r n e r  B l i s s  s t y l e  c o n t a i n e r s  a r e  p o p u l a r  c h o i c e s  f o r  p a c k a g i n g  a g r i ­
c u l t u r a l  p r o d u c t s  s u c h  a s  a p p l e s ,  p e a r s ,  c i t r u s ,  p o t a t o e s ,  g a r l i c  a n d  
m o s t  v e g e t a b l e s .  T h i s  s t u d y  e v a l u a t e d  t w o  u n i q u e  c o r r u g a t e d  c o n ­
t a i n e r  d e s i g n s ,  K i s c h  F u l l  C i r c l e  T r a y  ( F C T )  a n d  S i n g l e  V  K i s c h  B l i s s ,  
w h i c h  a r e  b o t h  v i a b l e  d e s i g n s  a v a i l a b l e  t o  r e p l a c e  t h e  p r e s e n t l y  u s e d  
s t y l e s  o f  b o x e s  f o r  p r o d u c e  d i s t r i b u t i o n .  T h i s  p a p e r  p r e s e n t s  t h e  c o m ­
p r e s s i o n  s t r e n g t h  r e s u l t s  o f T e l e s c o p i n g  H S C  c o n t a i n e r s  a s  c o m p a r e d  
t o  t w o  p o s s i b l e  r e p l a c e m e n t s  a n d  t h e  D i a g o n a l  C o r n e r  B l i s s  d e s i g n s  
w h e n  s t o r e d  u n d e r  s t a n d a r d ,  r e f r i g e r a t e d  a n d  t r o p i c a l  c o n d i t i o n s .  I t  
a l s o  c o m p a r e s  t h e  m a t e r i a l  s a v i n g s  a n d  t h e  l i f e c y c l e  e n v i r o n m e n t a l  i m ­
p a c t s  f o r  t h e  t h r e e  d e s i g n s  a g a i n s t  t h e  T e l e s c o p i n g  H S C  d e s i g n .  C o m ­
p a r i n g  t h e  a v e r a g e  o v e r a l l  p e a k  f o r c e s ,  a c r o s s  a l l  t h r e e  e n v i r o n m e n t a l  
c o n d i t i o n s  o f  t h e  T e l e s c o p i n g  H S C  b o x e s  t o  t h a t  o f  t h e  t h r e e  d e s i g n s ,  i t  
w a s  c o n c l u d e d  t h a t  t h e  K i s c h  F C T  b o x e s  w e r e  a p p r o x i m a t e l y  1 7 %  
w e a k e r ,  w h i l e  p r o v i d i n g  m a t e r i a l  s a v i n g s  o f  o v e r  1 4 % ;  t h e  D i a g o n a l  C o r ­
n e r  B l i s s  b o x e s  w e r e  a p p r o x i m a t e l y  9 %  w e a k e r ,  w h i l e  p r o v i d i n g  m a t e ­
r i a l  s a v i n g s  o f  a l m o s t  2 2 %  a n d  t h e  S i n g l e  V  K i s c h  B l i s s  b o x e s  w e r e  a p ­
p r o x i m a t e l y  1 4 %  s t r o n g e r ,  w h i l e  p r o v i d i n g  m a t e r i a l  s a v i n g s  o f  o v e r  
1 9 % .  S a v i n g s  i n  m a t e r i a l  r a n g i n g  f r o m  1 4  t o  2 2 %  f o r  t h e  t h r e e  d e s i g n s  
t e s t e d ,  t r a n s l a t e s  i n t o  s i g n i f i c a n t  e n e r g y  s a v i n g s ,  r e l a t i v e  o p t i m i z a t i o n  
o f  n a t u r a l  r e s o u r c e s ,  r e d u c t i o n s  i n  g r e e n  h o u s e  g a s  e m i s s i o n s  a n d  r e l ­
a t i v e  m i n i m i z a t i o n  o f  w a s t e  w a t e r  a n d  s o l i d  w a s t e  g e n e r a t e d  d u r i n g  p r o ­
d u c t i o n  i n  c o m p a r i s o n  t o  t h e  T e l e s c o p i n g  H S C  s t y l e  b o x e s .  
1 . 0  I N T R O D U C T I O N  
I  
N F L U E N C E D  b y  n u m e r o u s  d e m o g r a p h i c  t r e n d s ,  i n c l u d i n g  d e c l i n i n g  
h o u s e h o l d  s i z e ,  r i s i n g  i n c o m e  l e v e l s  a n d  t h e  c h a n g i n g  c o n s u m p t i o n  
h a b i t s ,  c o n s u m p t i o n  o f  f r e s h  p r o d u c e  h a s  b e e n  f a v o r a b l y  e f f e c t e d  i n  r e ­
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cent decades [1]. As a result, unprocessed fresh foods such as vegetables 
and fruits are being included at an increasing rate in diets allover the 
world. As the variety of fresh produce in terms of number, form and 
quality has increased, so has-the packaging to help move these commod­
ities through the marketing channels. The packaging conceivably con­
tains different types, sizes, grades or maturity of produce and is available 
in many forms such as sacks and nets, wooden crates, corrugated fiber­
board boxes, plastic crates, etc. 
Volumes of fresh produce imported into the U.S. increased 43.1 % be­
tween 1999 and 2006, with the vegetables share increasing by 32.2% 
and that of fruits by 19.6% for the same duration [2]. Imports of vegeta­
bles accounted for 17% of the total U.S. supply (production plus im­
ports) whereas imported fruit accounted for 38% [2]. Between 1999 and 
2006 a majority of the fresh vegetables were imported from Mexico 
(65%) and fresh fruits from Latin America (92%) [2]. 
Exports of fresh produce from the U.S. showed a mixed pattern by 
volume with an increase of 10.6% overall, decrease of 2.6% for vegeta­
bles and an increase of 16.3% for fruits for the same duration [3]. Ex­
ports of vegetables accounted for 7.9% of the total U.S. production 
whereas exported fruit accounted for 27.8% [3]. Between 1999 and 
2006 a majority of the fresh vegetables (67%) and fresh fruits (53%) 
were exported to Canada [3]. Figure 1 reflects the U.S. fresh produce im­
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Figure 1. U.S. Fresh Produce Import/Export Yolumes 1999--20~6 [2,3]. 
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F i g u r e  2 .  U . S .  F r e s h  F r u i t  a n d  V e g e t a b l e  M a r k e t i n g  C h a n n e l s  [ 5 J .  
F r e s h  p r o d u c e  t y p i c a l l y  f o l l o w s  e x p e d i t e d  h a n d l i n g  w h e n  m o v i n g  
t h r o u g h  t h e  s u p p l y  c h a i n  d u e  t o  i t s  r e s t r i c t i v e  s h e l f  l i f e .  F r o m  t h e  f a r m  
p r o d u c t i o n  f a c i l i t i e s  t o  r e a c h  t h e  c o n s u m e r s ,  t h e  p r o d u c e  e x p e r i e n c e s  
m u l t i p l e  h a n d l i n g  i n  t h e  m a r k e t i n g  c h a n n e l s .  T h e s e  m a r k e t i n g  c h a n n e l s  
h a v e  e v o l v e d  c o n s i d e r a b l y  s i n c e  t h e  l a t e  1 9 8 0 ' s  w h e n  f r e s h  p r o d u c e  
m a r k e t s  w e r e  m o r e  f r a g m e n t e d  a n d  m o s t  t r a n s a c t i o n s  o c c u r r e d  b e t w e e n  
t h e  ( p r o d u c e  g r o w e r - s h i p p e r s  a n d  w h o l e s a l e r s  o n  a  d a y - t o - d a y  b a s i s  
b a s e d  o n  v a r y i n g  m a r k e t  p r i c e s  a n d  q u a l i t y  l e v e l s  [ 4 ] .  F i g u r e  2  s h o w s  t h e  
t y p i c a l  f r e s h  f r u i t  a n d  v e g e t a b l e  m a r k e t i n g  c h a n n e l s  i n  p r a c t i c e  t o d a y  
[ 5 ] .  S o m e  o f  t h e  k e y  d r i v e r s  c h a n g i n g  t h e  f r e s h  p r o d u c e  d i s t r i b u t i o n  i n ­
c l u d e  n e w  c o m p e t i t o r s / r u l e s  s u c h  a s  m a s s  m e r c h a n d i s e r s ,  E u r o p e a n  
p l a y e r s  a n d  o n l i n e  f o o d  s h o p p i n g ;  i n c r e a s i n g  b u y i n g  p o w e r  f r o m  u p ­
s t r e a m  i n d u s t r y  c o n s o l i d a t i o n  a n d  n e w  s u p p l y  c h a i n  o r i e n t e d  p r o c u r e ­
m e n t  m o d e l s ;  a n d  c h a n g i n g  c o n s u m e r s  w i t h  h i g h e r  i n c o m e s  a n d  a n  
i n c r e a s i n g  i n t e r e s t  i n  h e a l t h f u l n e s s .  '  
T h o u g h ,  t h e  v a s t  i m p r o v e m e n t s  i n  t h e  m a r k e t i n g  c h a n n e l s  h a v e  i m ­
p r o v e d  t h e  e f f i c i e n c y  o f  t h e  p a s s a g e  o f  f r e s h  p r o d u c e  f r o m  f a r m  t o  f o r k ,  
i t  n e e d s  t o  b e  p r o v i d e d  a d e q u a t e  p r o t e c t i o n  f r o m  d i s t r i b u t i o n  h a z a r d s  e x ­
p e r i e n c e d  d u r i n g  t r a n s p o r t a t i o n  a n d  w a r e h o u s i n g .  C o r r u g a t e d  s h i p p e r s  
h a v e  a d a p t e d  w e l l  w i t h  f r e s h  p r o d u c e  b y  p r o v i d i n g  t h e  d e s i r e d  k e y  f u n c ­
- -
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tions such as containment, protection and communication and as such 
are the most popular choice. It has been proposed that more than two 
thirds of the world's retailed commodities are packed and transported in 
corrugated packaging [6]. 
Worldwide demand for corrugated board has been increasing rapidly. 
Worldwide corrugated production increased 4.5% between 2006 and 
2007 with a production of 42,285 million square meters in 2007 [7]. 
During the same period U.S. experienced a decline of 2.1 % in the corru­
gated production, with a production of 8,938 million square meters in 
2007 [7]. Figure 3 illustrates the percentage change in global corrugated 
production between 2006 and 2007. 
Corrugated board packaging is specifically engineered to maximize 
performance and merchandizing impact throughout the supply chain 
while minimizing material and its carbon footprint. A few key develop­
ments towards this include recycling, use of environmentally-friendly 
inks, decreased formaldehyde use, and the practice of source reduction. 
The corrugated industry claims to use over 60% renewable energy from 
bio-fuels for fiber-based material production and of including 43% recy­
cled content for corrugated board manufacturing [8]. Constant innova­
tions in the area of corrugated shipper designs helps achieve this to a 
great extent by using lesser material while providing adequate 
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Figure 3. Percentage Change in Global Corrugated Production 2006-2007 [7J. 
1 0 9  R e d u c i n g  C o r r u g a t e d  F i b e r b o a r d  C a r b o n  F o o t p r i n t  
O t h e r  
E x p o r t s  t o  o t h e r  1 %  
c o u n t r i e s  - - - - . .  
2 1 %  
P a c k a g i n g  a n d 
  
i n d u s t r i a l  c o n v e r t i n g 
  
2 %  
T i s s u e  f r s  ~ 
1 %  
C o n t a i n e r b o a r d  
5 9 %  
F i g u r e  4 .  E n d  o f  L i f e  T r e a t m e n t  o f  O l d  C o r r u g a t e d  C o n t a i n e r s  ( 2 0 0 6 ) .  
E s s e n t i a l l y  m a d e  f r o m  r e n e w a b l e  r e s o u r c e s ,  c o n u g a t e d  b o a r d  i s  m a d e  
f r o m  n a t u r a l  a n d  e n v i r o n m e n t a l l y  s u s t a i n a b l e  m a t e r i a l s  w h i c h  a r e  r e ­
c o v e r e d  a n d  r e c y c l e d  m o r e  t h a n  a n y  o t h e r  p a c k a g i n g  s u b s t r a t e .  D u e  t o  a  
n e a r l y  1 1  p e r c e n t  r i s e  i n  n e t  e x p o r t s ,  r e c o v e r y  o f o l d  c o r r u g a t e d  c o n t a i n ­
e r s  ( a c C )  r o s e  2 . 0  p e r c e n t  i n  2 0 0 6  t o  2 5 . 2  m i l l i o n  t o n s  [ 9 ] .  D u r i n g  t h e  
s a m e  t i m e ,  U . S .  c o n t a i n e r b o a r d  c o n s u m p t i o n  r o s e  1 . 7  p e r c e n t  [ 9 ] .  A s  a  
r e s u l t ,  t h e  a c c  r e c o v e r y  r a t e  i n c r e a s e d  t o  7 6 . 4  p e r c e n t  i n  2 0 0 6  f r o m  a  
r e v i s e d  7 6 . 1  p e r c e n t  i n  2 0 0 5  [ 9 ] .  F i g u r e  4  s h o w s  t h e  e n d  u s e  o f  r e c y c l e d  
a c c  f o r  2 0 0 6 .  
T h e  t r a n s p o r t a t i o n  a n d  w a r e h o u s i n g  h a z a r d s  f a c e d  c o m m o n l y  b y  c o r ­
r u g a t e d  s h i p p e r s  i n c l u d e  c o m p r e s s i o n ,  s h o c k ,  v i b r a t i o n ,  t e m p e r a t u r e ,  
c r e e p  a n d  h u m i d i t y  a m o n g  o t h e r s .  D u e  t o  i t s  h i g h  s t r e n g t h  t o  l o w  w e i g h t  
r a t i o  c o r r u g a t e d  p a c k a g i n g  i s  p o i s e d  a s  t h e  l e a d i n g  c h o i c e  f o r  t r a n s p o r t  
p a c k a g i n g  i n  t h e  U n i t e d  S t a t e s .  B y  s o m e  e s t i m a t e s  c o r r u g a t e d  p a c k a g ­
i n g  i s  u s e d  t o  p a c k a g e  a p p r o x i m a t e l y  9 0 %  o f a l l  p r o d u c t s  f o r  r e t a i l  d i s t r i ­
b u t i o n  i n  t h e  U n i t e d  S t a t e s  [ 1 0 ] .  T h e  p o p u l a r i t y  o f c o r r u g a t e d  p a c k a g i n g  
a l s o  s t e m s  f r o m  t h e  f a c t  t h a t  i t  i s  p r a c t i c a l ,  u s e f u l ,  e c o n o m i c a l ,  r e n e w ­
a b l e  a n d  r e c y c l a b l e  [ 1 0 ] .  I t  i s  a l s o  a  s u b s t r a t e  t h a t  c a n  b e  c u s t o m  d e ­
s i g n e d  a n d  p r o v i d e s  e x c e l l e n t  m e r c h a n d i s i n g  a p p e a l  t h r o u g h  p r i n t i n g  o n  
b o x  p a n e l s .  
T h e  t h r e e  m o s t  c o m m o n l y  u s e d  s t y l e s  o f  c o r r u g a t e d  b o x e s  f o r  
f r e s h - p r o d u c e  a p p l i c a t i o n  a r e  ( F i g u r e  5 ) :  
•  S l o t t e d  b o x e s :  g e n e r a l l y  m a d e  f r o m  o n e  p i e c e  o f c o n u g a t e d  o r  s o l i d  f i ­
b e r b o a r d .  E . g .  R e g u l a r  S l o t t e d  C o n t a i n e r s  ( F E F C a  0 2 0 1 ) .  
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• Telescoping boxes: usually consist of separate top and bottom that fit 
over each other or a separate body. E.g. Full Telescope Half Slotted 
Container (FEFCO 0320). 
• Rigid/Bliss boxes: the three pieces of this style of box includes two 
identical end panels and a,body that folds to form the two side panels, 
an unbroken bottom and the top. E.g. Bliss Style Container (FEFCO 
0606). 
FEFCO (European Federation of,Corrugated Board Manufacturers) 
codes are an official system to substitute long and complicated verbal 
descriptions of fiberboard case and packaging constructions with simple 
symbols internationally understood by all, regardless of language and 
other differences [11]. 
This research involved redesign of corrugated shippers commonly 
used for fresh produce and evaluated their compression strengths under 
three common environmental conditions. Evaluation was also con­
ducted in terms of life cycle inventory (LCI) calculations to quantify the 
material use, energy use, environmental discharges, and wastes associ­
ated with each stage of the four box designs over their life cycle. New 
unique replacement designs, Kisch Full Circle Tray (FCT) for the Tele­
scoping Half Slotted Containers (HSC) style and the Single V Kisch 
Bliss for the Diagonal Corner Bliss style, were studied. 
The scope of the research was: 
1. To compare the compression strength of Telescoping HSC boxes 
with the two replacement designs and the Diagonal Corner Bliss style 
boxes when stored under standard, refrigerated and tropical condi­
tions. 
2. To compare the material savings and calculate the lifecycle environ-
Regular Slotted Full Telescope Half Bliss Style Container, 
Container, FEFCO 201 Slotted, FEFCO 320 FEFCO 606 
Figure 5. Common Styles of Boxes used for Fresh Produce. 
T h e  R e d u c i n g  C o r r u g a t e d  F i b e r b o a r d  C a r b o n  F o o t p r i n t  1 1 1  
T e l e s c o p i n g  H S C  
K i s c h  F C T  
D i a g o n a l  C o r n e r  B l i s s  S i n g l e  V  K i s c h  B l i s s  
F i g u r e  6 .  B o x  D e s i g n s  E v a l u a t e d  i n  t h e  S t u d y .  
m e n t a l  i m p a c t  f o r  t h e  t w o  r e p l a c e m e n t  d e s i g n s  a n d  t h e  D i a g o n a l  C o r ­
n e r  B l i s s  s t y l e  w i t h  t h e  T e l e s c o p i n g  H S C  d e s i g n .  
2 . 0  M A T E R I A L S  A N D  M E T H O D  
2 . 1  C o r r u g a t e d  B o a r d  
C - f l u t e  c o r r u g a t e d  b o a r d  w a s  u s e d  i n  t h e  c o n s t r u c t i o n  o f  b o t h  t h e  
b a s e s  a n d  l i d s  f o r  a l l  f o u r  d e s i g n s  ( d i s c u s s e d  i n  i t e m  2 . 2 ) .  T h e  l i d s  w e r e  
m a d e  w i t h  l o w e r  g r a d e  c o r r u g a t e d  f i b e r b o a r d  w i t h  a  b a s i s  w e i g h t  o f  
1 7 / 1 5 C / 1 ?  k g / 9 2 . 9  s q .  m .  ( 3 8 / 3 3 C / 3 8 1 b l  1 0 0 0  s q .  f t . )  a s  c o m p a r e d  t o  t h e  
b a s e s ,  2 5 / 1 8 C / 2 5  k g l  9 2 . 9  s q .  m .  ( 5 6 / 4 0 C / 5 6 1 b l  1 0 0 0  s q .  f t . ) ,  a s  i s  c o m ­
m o n  i n d u s t r y  p r a c t i c e .  
2 . 2  C o n t a i n e r  D e s i g n s  
F o u r  d e s i g n s  f o r  t h e  c o r r u g a t e d  p r o d u c e  c o n t a i n e r s  w e r e  c o n s t r u c t e d  
u s i n g  A r t i o s C A D  s o f t w a r e  a n d  t h e  P r e m i u m  L i n e  1 9 3 0  m o d e l  o f  t h e  
K o n g s b e r g  t a b l e  ( E s k o  G r a p h i c s ,  L u d l o w ,  M a s s a c h u s e t t s ,  U S A ) .  T h e  
d e s i g n s  i n c l u d e d  T e l e s c o p i n g  H S C ,  K i s c h  F C T ,  D i a g o n a l  C o r n e r  B l i s s  
a n d  S i n g l e  V  K i s c h  B l i s s  a n d  a r e  s h o w n  i n  F i g u r e  6 .  A l l  b o x e s  w e r e  c o n ­
s t r u c t e d  t o  h a v e  t h e  s a m e  i n t e r n a l  v o l u m e  o f  a p p r o x i m a t e l y  0 . 0 3  c u .  m .  
( 0 . 9 3  c u .  f t . ) .  
T a b l e  1  r e p o r t s  t h e  t o t a l  a r e a  o f t h e  c o r r u g a t e d  f i b e r b o a r d  u s e d  t o  c o n ­
s t r u c t  t h e  b a s e s  a n d  l i d s  f o r  t h e  f o u r  d e s i g n s  u s e d  i n  t h i s  s t u d y .  I t a l s o  r e ­
p o r t s  t h e  m a t e r i a l  s a v i n g s  f o r  t h e  t w o  r e p l a c e m e n t  d e s i g n s  a n d  t h e  D i a g ­
o n a l  C o r n e r  B l i s s  s t y l e  a s  c o m p a r e d  t o  t h e  T e l e s c o p i n g  H S C  b o x .  
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Table 1. Total Area and Material Savings per Box Compared to
 
Telescoping HSC Design. 
Box Style Total Area, sq. m. (sq. ft.) Area Saving 
Telescoping HSC 1.16(12.51) 
Kisch FCT 1.00 (10.73) 14.24% 
Diagonal Corner Bliss 0.91 (9.79) 21.79% 
Single V Kisch Bliss 0.94 (10.08) 19.44% 
2.3 Box Conditioning 
Corrugated boxes are considerably prone to fluctuations in moisture 
content and compression strength values are typically based on the am­
bient relative humidity exposure [12]. Prior to all testing the boxes were 
conditioned at three environmental conditions in accordance to ASTM 
D4332 for 72 hours [13]. The three conditions selected were standard 
[23 ± 1°C (73.4 ± 2°P) and 50 ± 2% relative humidity], refrigerated stor­
age [5 ± 2°C (41 ± 4°P) and 85 ± 5% relative humidity] and tropical [40 ± 
2°C (104 ± 4°P) and 90 ± 5% relative humidity]. Pive replicate tests 
were performed for all environmental conditions and the styles ofboxes. 
2.4 Box Compression Strength Testing 
ASTM D 642 (Standard Test Method for Determining Compressive 
Resistance of Shipping Containers, Components, and Unit Loads) was 
used to test the compression strength [14]. This procedure is commonly 
used for measuring the ability of the container to resist external com­
pressive loads applied to its faces, to diagonally opposite edges, or to 
corners. This test method is also used to compare the characteristics of a 
given design ofcontainer with a standard, or to compare the characteris­
tics of containers differing in construction. This test method is related to 
TAPPI T 804 om-02 [15]. The tests were conducted using a fixed platen 
arrangement on a Lansmont compression tester Model 152-30K 
(Lansmont Corporation, Monterey, CA, USA), with a platen speed of 
1.3 cm/minute (0.5 in/minute) and a pre-load of 22.68 kg (50 lb) for 
zero-deflection in accordance with the standard. 
2.5 Lifecycle Environmental Impact Calculations 
All environmental impact estimates were made using the Environ­
R e d u c i n g  C o r r u g a t e d  F i b e r b o a r d  C a r b o n  F o o t p r i n t  1 1  3  
m e n t a l  D e f e n s e  F u n d  P a p e r  C a l c u l a t o r  [ 1 5 ] .  T h e  i n f o r m a t i o n  p r o v i d e d  
b y  t h i s  w e b s i t e  i s  b a s e d  o n  p u b l i c l y  a v a i l a b l e  n a t i o n a l  a v e r a g e s  a n d  t h e  
r e s e a r c h  c o n d u c t e d  b y  t h e  P a p e r  T a s k  F o r c e ,  a  p e e r  r e v i e w e d  s t u d y  o f  
t h e  l i f e c y c l e  e n v i r o n m e n t a l  i m p a c t s  o f  p a p e r  p r o d u c t i o n  a n d  d i s p o s a l  
[ 1 6 ] .  A l l  c a l c u l a t i o n s  w e r e  b a s e d  o n  t h e  m a t e r i a l  u s a g e  f o r  t h e  f o u r  d e ­
s i g n s  a n d  a  r e c y c l e d  c o n t e n t  p e r c e n t a g e  o f  4 3 %  [ 8 ] .  U n b l e a c h e d  c o r r u ­
g a t e d ,  a s  u s e d  t o  c r e a t e  a l l  b o x e s  f o r  t h i s  r e s e a r c h ,  w a s  u s e d  a s  t h e  i d e n t i ­
f i e d  p a p e r  t y p e  i n  t h e  c a l c u l a t o r .  
3 . 0  R E S U L T S  A N D  D I S C U S S I O N  
3 . 1  B o x  C o m p r e s s i o n  S t r e n g t h  T e s t i n g  
T h e  c o m p r e s s i o n  t e s t  r e s u l t s  a r e  r e p o r t e d  i n  T a b l e  2 .  T h e  v a l u e s  r e ­
p o r t e d  a r e  a v e r a g e s  f o r  f i v e  r e p l i c a t e  t e s t s  p e r f o r m e d  f o r  e a c h  b o x  s t y l e  
a n d  c o n d i t i o n i n g  e n v i r o n m e n t .  F i g u r e  7  r e f l e c t s  t h e  d a t a  i n  t e r m s  o f  p e r ­
c e n t a g e  d i f f e r e n c e  i n  f o r c e  a n d  d e f l e c t i o n  v a l u e s  f o r  t h e  t w o  r e p l a c e ­
m e n t  d e s i g n s  a n d  t h e  D i a g o n a l  C o r n e r  B l i s s  s t y l e  a s  b e n c h m a r k e d  
a g a i n s t  t h e  T e l e s c o p i n g  H S C  d e s i g n .  
j
_~=':":~~L_':"'- J . .  - - . l I  L  . . . L  - "  
2 0 %  1  
1 0 %  1 I  
0 %  
- 1 0 %  
- 2 0 %  + 1 - - - - - - - - - - 1  
- 3 0 %  + 1 - - - - - - - - 1  
- 4 0 %  + 1 - - - - - ­
- 5 0 %  + 1 - - - - - ­
- 6 0 %  " t 1 - - - - - - - 1  
- 7 0 %  1 I  
- 8 0 % - ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­
•  K i s c h F C T  
D i a g o n a l  C o r n e r  B l i s s  0  S i n g l e  V  K i s c h  B l i s s  
F i g u r e  7 .  P e r c e n t a g e  D i f f e r e n c e  i n  C o m p r e s s i o n  T e s t  V a l u e s  a s  C o m p a r e d  t o  T e l e s c o p ­














































































































































































































































































































































R e d u c i n g  C o r r u g a t e d  F i b e r b o a r d  C a r b o n  F o o t p r i n t  1 1 5  
A  s h i p p e r  s u c h  a s  a n y  o f t h o s e  t e s t e d ,  i s  l i k e l y  t o  u n d e r g o  c o m p r e s s i v e  
f o r c e s  w h i l e  e x p o s e d  t o  t h e  t h r e e  c l i m a t i c  e n v i r o n m e n t s  u s e d  f o r  c o n d i ­
t i o n i n g  i n  t h i s  s t u d y .  C o m p a r i n g  t h e  a v e r a g e  o v e r a l l  p e a k  f o r c e s  a c r o s s  
a l l  t h r e e  e n v i r o n m e n t a l  c o n d i t i o n s  o f t h e T e l e s c o p i n g H S C  b o x e s  t o t h a t  
o f  t h e  t w o  n e w  d e s i g n s  a n d  t h e  D i a g o n a l  C o r n e r  B l i s s  b o x e s ,  i t  w a s  o b ­
s e r v e d  t h a t :  
•  T h e  K i s c h  F C T  b o x e s  w e r e  a p p r o x i m a t e l y  1 7 %  w e a k e r ,  w h i l e  p r o v i d ­
i n g  m a t e r i a l  s a v i n g s  o f  o v e r  1 4 % .  
•  T h e  D i a g o n a l  C o r n e r  B l i s s  b o x e s  w e r e  a p p r o x i m a t e l y  9 %  w e a k e r ,  
w h i l e  p r o v i d i n g  m a t e r i a l  s a v i n g s  o f  a l m o s t  2 2 % .  
•  T h e  S i n g l e  V  K i s c h  B l i s s  b o x e s  w e r e  a p p r o x i m a t e l y  1 4 %  s t r o n g e r ,  
w h i l e  p r o v i d i n g  m a t e r i a l  s a v i n g s  o f  o v e r  1 9 % .  
I t  m a y  b e  n o t e d  t h a t  t h e  d e f l e c t i o n ,  w h i c h  i s  i n d i c a t i v e  o f  t h e  s i d e  a n d  
b o t t o m b u l g i n g  o f t h e b o x e s  u n d e r c o m p r e s s i o n ,  w a s  c o n s i d e r a b l y  l o w e r  
f o r  t h e  t w o  r e p l a c e m e n t  d e s i g n s  a n d  t h e  D i a g o n a l  C o r n e r  B l i s s  s t y l e  a s  
c o m p a r e d  t o  t h a t  f o r  t h e  T e l e s c o p i n g  H S C  b o x e s  ( F i g u r e  6 ) .  T h e  l o w e r  
p e a k  d e f l e c t i o n  v a l u e s  a r e  t o  b e  e x p e c t e d  d u e  t o  t h e  r e i n f o r c i n g  V  c o l ­
u m n s  i n c o r p o r a t e d  i n  t h e  n e w  d e s i g n s  a s  w e l l  a s  t h e  D i a g o n a l  C o r n e r  
B l i s s  s t y l e  b o x e s .  
3 . 2  L i f e c y c l e  E n v i r o n m e n t a l  I m p a c t  C a l c u l a t i o n s  
T a b l e  3  r e p o r t s  t h e  r e s u l t s  o f  t h e  l i f e c y c l e  e n v i r o n m e n t a l  i m p a c t  c a l ­
c u l a t i o n s  f o r  a l l  f o u r  s t y l e s  o f  b o x e s .  A l l  n e w  d e s i g n s  p r o v i d e  d i s t i n c t  
a d v a n t a g e  i n  t e r m s  o f  a l l  q u a n t i f i e d  L C I  v a l u e s  d u e  t o  m a t e r i a l  s a v i n g s  
i n  t h e  d e s i g n s .  
S a v i n g s  i n  m a t e r i a l  r a n g i n g  f r o m  1 4  t o  2 2 %  f o r  t h e  n e w  d e s i g n s  a n d  
t h e  D i a g o n a l  C o r n e r  B l i s s  s t y I e  t e s t e d ,  t r a n s l a t e s  i n t o  s i g n i f i c a n t  e n e r g y  
s a v i n g s ,  r e l a t i v e  o p t i m i z a t i o n  o f  n a t u r a l  r e s o u r c e s ,  r e d u c t i o n s  i n  g r e e n  
h o u s e  g a s  e m i s s i o n s  a n d  r e l a t i v e  m i n i m i z a t i o n  o f  w a s t e  w a t e r  a n d  s o l i d  
w a s t e  g e n e r a t e d  d u r i n g  p r o d u c t i o n  i n  c o m p a r i s o n  t o  t h e  T e l e s c o p i n g  
H S C  s t y l e  b o x e s .  
4 . 0  C O N C L U S I O N S  
T h o u g h  t h e  p o p u l a r i t y  o f  t h e  T e l e s c o p i n g  H S C  a n d  D i a g o n a l  C o r n e r  
B l i s s  s t y l e  b o x e s  w i t h  t h e  p r o d u c e  i n d u s t r y  s t e m s  f r o m  e x c e l l e n t  p r o t e c ­
t i o n  a n d  s u p e r i o r  s t a c k i n g  s t r e n g t h  a s  c o m p a r e d  t o  s l o t t e d  b o x e s ,  t h i s  





























































































































































































































































1 1 7  R e d u c i n g  C o r r u g a t e d  F i b e r b o a r d  C a r b o n  F o o t p r i n t  
s t u d y  s h o w s  t h a t  t h e  a l t e r n a t e  d e s i g n s  p r o p o s e d  c a n  p r o v i d e  a d e q u a t e ,  i f  
n o t  b e t t e r ,  s t a c k i n g  s t r e n g t h  w h i l e  u s i n g  c o n s i d e r a b l y  l e s s e r  m a t e r i a l  i n  
t h e i r  c o n s t r u c t i o n .  T h e  K i s c h  F C T  a n d  t h e  S i n g l e  V  K i s c h  B l i s s  b o x  d e -
s i g n s  a s  w e l l  a s  a n  e r g o n o m i c  r o t a r y  c o r r u g a t e d  f o r m i n g  m a c h i n e  f o r  t h e  
K i s c h  F C T  c o n t a i n e r s  h a v e  e i t h e r b e e n  p a t e n t e d  o r  a r e  p a t e n t  p e n d i n g .  
•  S t r e n g t h ,  r e s i l i e n c e  a n d  s t u r d i n e s s :  W h i l e  t h e  K i s c h  F C T  a n d  t h e  D i -
a g o n a l  C o m e r  B l i s s  b o x e s  p r o v i d e d  s o m e w h a t  l o w e r  r e s i s t a n c e  t o  
c o m p r e s s i o n  f o r c e s  a s  c o m p a r e d  t o  t h e  T e l e s c o p i n g  H S C  b o x e s ,  t h e  
S i n g l e  V  K i s c h  B l i s s  b o x e s  p r o v e d  t o  b e  s u p e r i o r  i n  c o m p a r i s o n .  C o n -
s i d e r a b l e  d e c r e a s e  i n  p e a k  d e f l e c t i o n  v a l u e s  f o r  t h e  n e w  d e s i g n s  a s  
w e l l  a s  t h e  D i a g o n a l  C o m e r  B l i s s  b o x e s  w a s  o b s e r v e d  i n  c o m p a r i s o n  
t o  t h e  T e l e s c o p i n g  H S C  b o x e s .  
•  S a v i n g  i n  m a t e r i a l - c o m m e r c i a l  a n d  e n v i r o n m e n t a l  b e n e f i t s :  a g r i c u l -
t u r a l  p r o d u c t s  s u c h  a s  a p p l e s ,  p e a r s ,  c i t r u s ,  p o t a t o e s ,  g a r l i c  a n d  m o s t  
v e g e t a b l e s  a r e  c u r r e n t l y  p a c k e d  i n t o  T e l e s c o p i n g  H S C  a n d  D i a g o n a l  
C o m e r B l i s s  s t y l e c o n t a i n e r s .  T h e e s t i m a t e d p r o d u c t i o n  o f t h e s e b o x e s  
i s  i n  t h e  h u n d r e d s  o f  m i l l i o n s  i n  t h e  U S  [ 1 7 ] .  T h i s  p r e s e n t s  a  n e w  o p -
p o r t u n i t y  t o  c r e a t e  c o n s i d e r a b l e  s a v i n g s  b y  c o n v e r t i n g  t o  a n y  o f  t h e  
n e w  s t y l e  b o x e s  s t u d i e d  i n  t h i s  r e s e a r c h .  S a v i n g  i n  m a t e r i a l  t r a n s l a t e s  
i n t o  s i g n i f i c a n t  e n e r g y  s a v i n g s ,  r e l a t i v e  o p t i m i z a t i o n  o f  n a t u r a l  r e -
s o u r c e s ,  r e d u c t i o n s  i n  g r e e n  h o u s e  g a s  e m i s s i o n s  a n d  r e l a t i v e  
m i n i m i z a t i o n  o f w a s t e  w a t e r  a n d  s o l i d  w a s t e  g e n e r a t e d  d u r i n g  p r o d u c -
t i o n .  
T h e  K i s c h  F C T  a n d  t h e  S i n g l e  V  K i s c h  B l i s s  b o x e s  w h e n  c o n f i g u r e d  
w i t h  a n  i n t e g r a l  d i v i d e r  ( F i g u r e  8 )  w o u l d  n e a r l y  g u a r a n t e e  n o  b o t t o m  
K i s c h  F C T  S t y l e  S i n g l e  V  K i s c h  
F i g u r e  8 .  P r o p o s e d  R e d e s i g n s  w i t h  I n t e g r a l  D i v i d e r s  f o r  B u l g e  P r o t e c t i o n .  
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bulge, thereby offering total protection for the shipping of fruit and veg-
etables, unlike the Telescoping HSC which typically reflects bottom 
bulge failure which is directly related to fruit and vegetable damage. 
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